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Physiological Effect of Heat Stress on Pea 
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Abstract: To explore the physiological effect of heat stress on pea ( Pisum sativum), hypocotyl growth, membrane injury, 
ascorbic acid (AsA) , malondialdehyde (MDA) and the expression of Heat Shock Protein 70 (HSP70) in seedling hypocot- 
yls of three pea varieties (produced in Mengzi, Shandong and Taiwan) under different heat treatments were examined . The 
results showed heat stress at 48°C resulted in decrease in germination rate of seeds and AsA content of seedling hypocotyls, 
and increase in membrane injury and MDA content . Longer hypocotyls of pea seedling along with higher level of AsA cont- 
ent, membrane thermostability and lower MDA content were found in the germinated seeds which were acclimated at 37°C 
for 1 h before heat stress at 48°C, comparing with no heat-acllimated germinated seeds (heat stres directly at 48°C) . Ex- 
cept for the Taiwan pea, heat acclimation at 37°C for 1 h couldn’ t induce the expression of HSP70 in the other two variet- 
ies . However, the expression of HSP70 in all three varieties was induced by two other different heat treatments, which one 
was treated at 37°C for 1 h followed by 48°C for 2 h with recovery at 22°C for 1 h and the other treatment was at 48°C for 
2 h . Furthermore, the expression of HSP70 of Mengzi pea was higher when suffering heat stress after heat acclimation heat 
stress directly . 
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Table 1 Growth of hypocotyls and germinative rate of different pea varieties under heat acclimation and stress (50 replicates ) 


E EAE Lİ 00000 (mean + SD) 
Germinative rate of seeds ( % ) Hypocotyl length (mm) (mean + SD) 

H O Treatment 
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Local variety Shandong variety Taiwan variety Local variety Shandong variety Taiwan variety 
CK 100 90 98 19.74 8.7 13.8+ 5.3 7.1+3.2 
37°C HA> 48°C HS 96 88 98 9.6+6.0 7.1+4.7 5.6+ 2.9 
48°C HS 90 86 96 6.8+4.2 5.0 +3.0 4.7+ 2.1 
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37°C HA> 48°C HS is expressed as the germinated seeds were acclimated at 37°C for 1 h; followed at 22°C for 1 h; and then stressed at 48°C for 2 h . 


48°C HS is expressed as the seeds were stressed at 48°C for 2 h 
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Fig .1 Hypocotyl elongation phenotype of different pea varieties for 36 h in the dark at 22°C after heat acclimation and stress 
(A, Local variety; B, Shandong variety; C, Taiwan variety) . Left is expressed as control (22°C); Middle is expressed as the germinated seeds were 


acclimated at 37°C for 1 h, followed at 22°C for 1 h, and then stressed at 48°C for 2h . Right is expressed as the seeds were stressed at 48°C for 2 h 
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Table 2 Effect of heat acclimation and stress on relative conductivty and injury rate of hypocotyls of different pea varieties (6 replicates) 












































































































































































































































| | (mean + SD) 
Relative conductance (% ) (mean + SD) Relative injury rate ( %) 
Treatment 
UU 
Local variety Shandong variety Taiwan variety Local variety Shandong variety Taiwan variety 
CK 11.042.0 15.04+2.1 20.5 4.9 
37”C HA 12.046.0 15.242.4 25.8 4.9 1.1 0.3 Tez 
37°C HA> 48°C HS 18.0+8.0 29.1+5.3 32.6 +5.8 7.9 16.6 15.8 
48°C HS 23.0+9.0 34.8 +5.6 33.9 +5.7 13.5 23.3 17.4 
37°C HA | | 37°C] H 1h; 37°C HA> 48°C HS 37°C lh, | 22°C] H 1h; 48°C HS[ 
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37°C HA is expressed as the germinated seeds were acclimated at 37°C for 1 h .37°C HA> 48 °C HS is expressed as the seeds were acclimated at 37°C for 


1h; followed at 22°C for 1 h, and then stressed at 48°C for 2h . 48°C HS is expressed as the seeds were stressed at 48°C for 2h 
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Fig .2 Effect of heat acclimation and stress on hypocotyl MDA content of different pea varieties (mean + SD, 6 replicates) 
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Fig . 3 Change of hypocotyl AsA content of different pea varieties under heat acclimation and stress (mean + SD, 6 replicates) 
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Fig . 4 Effect of heat acclimation and stress on the expression 


of HSP70 in hypocotyls of different pea varieties 


3 UU 

000000000000 000 0 0000 
000000000000 00 0 000 0 :0:0 
0000000, 0000 00) (HPP) О 00 
П О 0 0 (Larkindale 11 , 200590 O HSPs ДО, О 
0О0О0000О00000000 00 0 00 
(ROS) ООО0О0О000000000. UU 
П 00 0 (Wahid H , 2007)H 

Hong and Vierling (2000) İTH111:.111 
HOO. 1111111111 (Arabidopsis thali- 
ana) UUHUDUHUUUHHULLULLu 
and Huang (2005) O O0 O00, О О 00 О 
( Agrostis stolonifera var. palustris) 0100 OUU U 
Eu a Im LL E A ОР 


П 48С00000. 00000000000 
00000000000000: 00, 000 
ООООООООООоООо:ҺОоО ОООдао 
Ba a a ЫЈ 
ООООООООооОООоОО0О0ООуОо0одао 
FR daaa danı alayı 
0. ООО0000О0000000 

HU uu n.uüuüuünü.u m. 
UHEEHHHHLÜLUÜ (Marcum, 1998)0 
00000,. ООО0О000О0000У0000 
000.00000000000О00000 
0. ООО0О0О0ООО0ОООО00000,. О 
HHHEHHEHEHHHHEHUHHLLHLU 

ASALI Lİ H ЕОВЛИО О О О0ООООО0ОД 
000. 000 00 AAQOUUU (0000 
HU. 2007, O0 0 O O, 20085)0 0000, О 
00000000 AAİLHHLHELLULRü 
00000000, О0000О00000000 
0000 АЗАО0ООО О 000, OO 37*С0 
000 АЗАД 0000 

HSP7OL 0000. 300000000 
0000000 0 HSP70, 372С0 0 160 0 
000000 00 HSP70, 0000000000 
00 1HOUUUO 2h, 30 0000 HSP7OİL 
00000. 000000, О 3?*001һ0 
uu, EL LL SEZDİ s m HOLL III 
HUR О ДО АР: ДФ N 
EL EL LL m ıı m. II 


368 0 “ll. ü 0U U Ы 310 


LI HSP70, ОО0000О00 0, HASP70 0 O О 
П000 0 0 0 0 Srkanthbabu 0 (2002) 1 
00. ООООООО0О0ОООО0О0ОООдо 
00000 НӘРОДО0. О0000О0000 
ОО0О00000000000 

00000, ОООО0О00000 00 MDA 
О ААПОООО 0000 000) :20086) OO 
ООО0ОО0О0О00000О0О0000Ј000, 00 
КЕД Ар ЕДА ЫД 
ulu. a ERE 
Lİ ASALILILIH: LUHHUEUHUEHHUHHLUL 
ИЛИ: ДО Др 
НӰР7?ОДП , UHHHEHHHELHHHULHHLU 
LHHELHEHEBEHHEHHHLHHUH.U 
ООООО0ОООООООООО. О000000 
0000000, О0О0О00000Ј0000 


00 ООООО0О0О0О0ОООООООООО000О 


EL TE he ЈНИ 


Hirt H, Shinozaki K (eds .), 2003 . Plant Responses To Abiotic Stress 
[A] . In: Topics in Current Genetics [M] . Heidelberg: Springer 
Berlin, vol . 4: 73 —92 

Hong SW, Vierling E, 2000 .Mutants of Arabidopsis thaliana defective in 

the acquisition of tolerance to high temperature stress [J] . PNAS, 
97: 4392—4397 

Larkindale J, Hall JD, Knight MR et al., 2005 . Heat stress phenotypes 
of Arabidopsis mutants implicate multiple signaling pathways in the 
acquisition of thermotolerance [J] . Plant Physiology, 138: 882— 
897 

Larkindale J, Huang B, 2004 . Changes of lipid composition and satura- 


tion level in leaves and roots for heat-stressed and heat-acclimated 


creeping bentgrass ( Agrostis stolonifera) [J] . Environmental and 


Experimental Botany, 51: 57—67 








Li ZP ( ), Gong M ( ), 2007 . Involvement of antioxidant 



































systems in heat-shock-induced heat tolerance in maize seedlings [J] . 


), 29 (2): 231 —236 









































Acta Botanica Yunnanica ( 





Liu X, Huang B, 2005 . Root phy siological factors involved in cool-season 
grass response to high soil temperature [J] . Environmental and Ex- 


perimental Botany, 53: 233—245 








Lu FC ( 























), 2002 . Current Situation of Pea 

















) , Zhang ZG ( 








( Pisum sativum L .) Varieties in China and Introduction of New Pea 











Varieties in Tianjin [J] . Journal of Tianjin Agricultural College ( 












































), 9 (4): 42—45 





Marcum KB, 1998 . Cell membrane thermostability and vvhole-plant heat 
tolerance of Kentucky bluegrass [J] . Crop Sci, 38: 1214—1218 
McMichael BL, 1998 . Soil temperature and root growth [J] . Hort- 
Science, 33: 947 —951 
Srikanthbabu V, Ganeshkumar, Krishnaprasad BT er al., 2002 . Identifi- 
cation of pea genotypes with enhanced thermotolerance using tempera- 
ture induction response technique (TIR) [J] . Journal of Plant Physi- 


ology, 159 (5): 535—545 











Tian XJ ( 












































) etal., 














), Long YH ( ), Zhang DG ( 











2008 a . Effect of high temperature on the cell membrane, membrane 


lipid, and ascorbic acid metabolism in rauwolfia ( Rauvolfia vericilla- 



































ta, Apocynaceae) [J] . Acta Botanica Yunnanica ( 











), 30 (1): 95—98 

















Tian XJ ( ), Luo Q ( ), Zhao HM ( 






































) et al., 




















2008b . Influences of heat stress onthe physiology of Pisum sativum 








L . [J] . Journal of Anhui Agricultural Science ( ), 






































36 (13): 5263—5264 
VVahid A, Gelani S, Ashrafa M er al., 2007 . Heat tolerance in plants 
[J] . Environmental and Experimental Botany, 61 (3): 199—223 
Xu S, Li J, Zhang X et al., 2006 . Effects of heat acclimation pretreat- 
ment on changes of membrane lipid peroxidation, antioxidant metab- 
olites, and ultrastructure of chloroplasts in two cool-season turfgrass 
species under heat stress [J] . Environmental and Experimental Bot- 


any, 56: 274—285 


